Summary. Ethylene stimulated the incorporation of 32p into RNA in the abscissiOn zone of bean explants (Phaseolus vulgaris L. var. Red Kidney). The enhancement was observed in all fractions separated by methylated albumin kieselguhr column chromlatography, although the magnitude of the increase was not the same for each fractionl. Differential extraction of the nucleic acids indicated that the ethylene stimulation x-as confined to the fraction extracted with sodiurn lauryl sulfate, with the increase mainly in Fraction III (Ribosomal RNA) and Fraction IV (Messenger RNA). Actinomvcin D, which blocks ethylene-stimulated abscission, inhibited 32p incorporation into all column fractions. 5-Fluorouracil, which blocked 50 % of the ethylene-enhanced 32p incorporation, did not inhibit ethylene-enhanced abscission. The results indicate that ethylene may regulate abscission through control of specific RNA's.
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In an earlier paper (2), we presented evidence that RNA synthesis was necessary for the cell separatioin process during abscission. However, Valdovinos and \uIiir (22) do not hold this viewpoint. With the increasing knowledge of the functions of different classes of RNA, it was of interest to study their synthcsis using 32P labeling during control and etlhxylene-stimulated abscission.
In this paper, we show that all fractions of radioactive RNA separated on methylated albumin kieselguthlr (MAK) columns are enhanced by ethylene, but only IFraction III (Ribosomal RNA) and Fraction IV (Mlessenger RNA) appear critical in regulating abscission. Other plant hormonal systems appear to exert their influence through nucleic acid regulation. These results allow further comparisons of control mechanisms in abscission wvith those of other hormonallv controlled plant processes.
Materials and Methods
MIethods used to growr and prepare explants and to mleasure ethylene in the stirrounding gas phase have been described ( 1, 2, 3, 20) .
Pr-eparationi of Total RNA. The perchloric acid method of RNA extraction wvas modified after Key and Shannon (15) as described previously (2) . The plheniol method of nucleic acid extraction was modified after Ingle, Key, and Holm (12) . Sixty explants (6 gm) were homogenized in 1 ml of bentonite solution (100 mg/ml), 3.5 ml of 10 % sodium lauryl sulfate (SLS), 7 ml of tris buffer (0.01 M, pH 7.4), and 17.5 ml of phenol (w-ashed and saturated l Present address: Botanv and Planit Pathology De- p.<rtment, Purdue University, Lafaette, Indiana 47907.
w-ith the tris buffer) at high speed fir 2 minutes w-ith a VirTlis 23 homogenizer. followedcl 1y stirring at low speed for 3 minutes. After centritfLu-ation at 10,000 X g for 10 minutes, the aqueous phase was removed an-d further deproteinized by twvo 2-miniute extractions wvith equal volumes of phenol. The final aquieous phase was made 0.15 At with r-espec"t to potassitim acetate, and the nucleic ac(id v-as precipitated by adding ethanol to a final concentration of 70%. After standing at -1350 for 2 or mlore hours, thle nucleic acid was recovered bv centrifugation at 20,000 X g for 10 minutes anid diVsolved in 3 ml of 0.05 AI sodium phosphate btuffer (pH 6.7). This solution was dialyzed against 10 (17) . The sample of nucleic acid (usually 0.3 mg) was added to 1 mg-of carrier RNA extracted from petiole tissue. The combined sample was added to the MAK coluini in 50 ml of 0.4 At NaCl and washed with an additional 50 ml of NaCl. The nucleic acids were eltuted with a linear gradient of NaCl from 0.4 AI to 1.2 al (400 ml each). The coltumn was run under a pressure of 3 psi with a flowF rate of 2 and one-half ml per miniute. The according to the method of Tuan and Bonner (21 figure 4 , the explants were cut and stored in plain agar in petri dishes. At the various times indicated after excision, the explants were placed, pulvinal or petiole end down, in 10 mm 5-FU. At 24 hours all explants w,vere taken out of the 5-FU and placed, petiole end down, in gas-collection bottles containing plain agar with or without 2 ppm ethylene. Abscission was measured 6 hours later or 30 hours after the start of the experiment. 5-Fluorouracil had no effect on the endogenous ethylene production of the tisstue. Thev -vere divided into 3 sections (the top 2 mm, the next 4 mm that contained the abscission zone, and the basal 9 mm), and the RNA was extracted. The Table I . Ethylenie Stimulation of RNA Synthesis in the Abscissiont Zonte of Beant Explants Bean explants were aged for 24 hours before being placed on their sides, and agar blocks containing 2.5 ,tC 32p w-cre placed on each end. After 6 hiours in the presence or absence of 2 ppm ethylene, the agar blocks were removed and the tissue was cut into 3 sections. The RNA was extracted by the perchloric acid method. Abscission after 30 hoturs: conitrol 24 %, ethlylene 91 %. hoturs land the nucleic acids were differentiallv extractcd as ouitlilned in -Materials and Methods. The niucleic aci(ds were separated oni MAK columns using lilear iNaCl gradients. The percentage increase or decrease by ethy--lene N-as calcuilatetd from the total counts in each of the peaks described. (8, 13, 14) .
This suggests that not all fractions of RNA be newly synthesized for abscission, but that newly synthesized m-RNA is essential.
In an attempt to determine whether ethylene was altering the nucleotide composition of the RNA that was synthesized, base rat'o analyses were performed on the newly synthesized 32P-RN'A. The total 32p_ RNA showed no difference between control and ethylene-treated explants. Since 5-FU showed greater inhibition of soluble and ribosomal RNA synthesis without affecting abscission, the m-RNA fraction was examined. Although differences are noted (table   III) at 3 and 6 hours, the effect was slight. The higher rat o of GMP to AMP for the ethylene treatments probably resu'ted from ribosomal RNA contamination of the m-RNA fract on, because the greatest ethylene stimulation was in the ribosomal fraction. The ethylene and 5-FU combination showed a decreased ratio of GMP to AMP, which also indicated ribosomal contamination. The total counts for the m-RNA for ethylene and 5-FU were still higher than those of the controls.
Assuming that explant m-RNA had a GMP to AMP ratio of 0.60 as the D-RN'A in soybean hy;pocotvl tissue (11, 12) , then the m-R'NA fraction in our separation contains only 18 to 20 % m-R'NA after 3 hours of ethylene, comprising only 4 to S % of the total 32P-R_N\A synthesized. This is apparently different from other plant tissues (8, 11 ) %vhere e'xcision results in greatly reduced ribosomal R'NA synthesis, thereby magnifying the m-RANA production.
Cherry and -an Huvstee (8) The addition of ethylene to explant tissue seems only to speed the natural abscission process that appears to occur w-ith endogenous ethylene levels.
Stimulation of explant abscission by ethylene appears analogous to banana ripening as reported by Burg and Burg (5) , in which added ethylene only shifts the normal respiratory climacteric, wvhich is caused by endogenous ethylene production, to an earlier time. During our experiments, the gas-collection bottles were sealed the same way for both treatments except that 2 ppm of ethylene were injected into 1 set. The control explants produce enough ethylene to allow an accumulatioln of 0.05 to 0.10 ppm in the atmosphere, which is enough to cause abscission. There appears to be a 3-to 4-hour lag between the control and ethylene-treated explants. As shown in figures 1 and 2, the distribution of 32P on the MAK columns for the 6-lhour control and the 3-hour ethylene appears similar. The -pecific activities for the total nucleic acids are also similar. Table III also shows that the base composition of the m-RNA fraction for the 6-hotur control and the 3-hour ethylene is similar, as are the abscission rates (table II) .
It is impossible at this time to shoNw an absolute requirement for ethylene in the abscission process because there io no wNay known to inhibit ethylene production. It appears from our work that ethylene controls abscission at the RNA level.
